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Abstract 
This thesis is a representation of a specific set of artificial intelligence production rules with the CODASYL 
database management system "SEED" available at the University of Pennsylvania. Among the advantages 
of this database representation over embedding the rule in a higher level language program are: 
1. The database management system (DBMS) additionally performs commercial and information retrieval 
functions relating to the environment in which the artificial intelligence representation is made. 
2. The end user interface is potentially friendly, permitting easy updates and queries using various 
standard data manipulation routines and higher level processors of the DBMS. 
The application area chosen for this demonstration in a simple hospital information system covering 
medical diagnosis and the patient-doctor interface. Indicative preliminary decision rules for diagnosis of a 
certain class of pediatric ailments were obtained from Dr. B. Athreya of the Childrens' Hospital of 
Philadelphia (affiliated to the University of Pennsylvania). The assistance of Dr. Athreya is gratefully 
acknowledged. It is important to note that the clinical data used here is merely indicative and has been 
used purely as a model. The same is not intended to represent correct or incorrect handling of diagnostic 
situations. 
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ABSTRACT 
T h i s  t h e s i s  i s  a r e p r e s e n t a t i o n  o f  a  s p e c i f i c  - se t  of 
a r t i f i c i a l  i n t e l l i g e n c e  p r o d u c t i o n  r u l e s  w i t h  t h e  CODASYL 
d a t a b a s e  management s y s t e m  "SEED" a v a i l a b l e  a t  t h e  
U n i v e r s i t y  o f  P e n n s y l v a n i a .  Among t h e  a d v a n t a g e s  o f  t h i 8  
d a t a b a s e  r e p r e s e n t a t i o n  o v e r  embedding t h e  r u l e e  i n  a 
h i g h e r  l e v e l  l a n g u a g e  program a r e  : 
-: 
1.  The d a t a b a s e  management s y s t e m  (DBMS) 
a d d i t i o n a l l y  p e r f o r m s  commerc ia l  and i n f o r m a t i o n  
r e t r i e v a l  f u n c t i o n s  r e l a t i n g  t o  t h e  e n v i r o n m e n t  i n  
which t h e  a r t i f i c i a l  i n t e l l i g e n c e  r e p r e s e n t a t i o n  i s  
made. 
2. The end u s e r  i n t e r f a c e  i s  p o t e n t i a l l y  f r i e n d l y ,  
p e r m i t t i n g  e a s y  u p d a t e s  and q u e r i e s  u s i n g  v a r i o u s  
s t a n d a r d  d a t a  m a n i p u l a t i o n  r o u t i n e s  and h i g h e r  
l e v e l  p r o c e s s o r s  o f  t h e  DBMS. ' 1 
The a p p l i c a t i o n  a r e a  c h o s e n  f o r  t h i s  d e m o n s t r a t i o n  i n  
a  s i m p l e  h o s p i t a l  i n f o r m a t i o n  s y s t e m  c o v e r i n g  m e d i c a l  
d i a g n o s i s  and t h e  p a t i e n t - d o c t o r  i n t e r f a c e .  I n d i c a t i v e  
p r e l i m i n a r y  d e c i s i o n  r u l e s  f o r  d i a g n o s i s  o f  a  c e r t a i n  c l a s s  
o f  p e d i a t r i c  a i l m e n t s  were o b t a i n e d  from D r .  B. A t h r e y a  
o f  t h e  C h i l d r e n s  H o s p i t a l  o f  P h i l a d e l p h i a  ( a f f i l i a t e d  t o  
t h e  U n i v e r s i t y  o f  ~ e n n s ~ l v a n i a ) .  The a s s i s t a n c e  o f  D r .  
A t h r e y a  i s  g r a t e f u l l y  acknowledged.  I t  i s  i m p o r t a n t  t o  
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n o t e  t h a t  t h e  c l i n i c a l  da ta  used h e r e  i s  merely  i n d i c a t i v e  
and h a s  been used pure ly  a s  a  model.  The same i s  n o t  
i n t e n d e d  t o  r e p r e s e n t  c o r r e c t  o r  i n c o r r e c t  h a n d l i n g  o f  
d i a g n o s t i c  s i t u a t i o n s .  
INTRODUCTION 
The t y p i c a l  a p p r o a c h e s  t o  knowledge  r e p r e s e n t a t i o n  i n  
common p r a c t i c e  a r e  : 
1 .  Embedding t h e  knowledge  s t r u c t u r e  i n  a h i g h e r  
l e v e l  programming l a n g u a g e  l i k e  L I S P -  
2. B u i l d i n g  a  d a t a b a s e  c o r r e s p o n d i n g  t o  t h e  
- t  knowledge  s t r u c t u r e .  
The two a p p r o a c h e s  h a v e  t h e i r  r e s p e c t i v e  mer i t s  a n d  
d e m e r i t s  i n  d i f f e r e n t  knowledge  s c e n a r i o s  and  h e n c e  i t  i s  
n o t  e a s y  t o  d e f i n e  c r i t e r i a  l e a d i n g  t o  t h e  s e l e c t i o n  o f  o n e  
o f  t h e  a p p r o a c h e s  a s  a  " b e t t e r "  i m p l e m e n t a t i o n  s t r a t e g y .  
I t  i s  however  c l e a r  t h a t  i n  a p p l i c a t i o n s  w h e r e  i t  
becomes  i m p o r t a n t  t o  h a v e  a  u s e r  f r i e n d l y  i n t e r f a c e ,  o n e  
would  h a v e  t o  work on e x t e n s i v e  s o f t w a r e  d e v e l o p m e n t  
i n d e p e n d e n t  o f  t h e  knowledge r e p r e s e n t a t i o n  a n d  p r o c e s s i n g  
\ I f o r  g e n e r a t i n g  q u e r y  r e s p o n s e s .  F o r  i n s t a n c e ,  i n  a d o p t i n g  
a p p r o a c h  ( 1 )  a s  a b o v e ,  t h e  same program ( p r o b a b l y  i n  LISP) 
c o u l d  b e  e x t e n d e d  t o  p r o v i d e  a  u s e r  f r i e n d l y  i n t e r f a c e  
t a i l o r e d  t o  a  s p e c i f i c  a p p l i c a t i o n -  On t h e  o t h e r  h a n d ,  
a p p r o a c h  ( 2 )  c o u l d  make u s e  o f  t h e  a d v a n t a g e  t h a t  a good 
c o m m e r c i a l  DBMS a l r e a d y  h a s  t h e  s o f t w a r e  g e a r e d  u p  f o r  a 
u s e r  f r i e n d l y  i n t e r f a c e .  
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T h i s  t h e s i s  p r e s e n t s  a n  i m p l e m e n t a t i o n  o f  knowledge  
r e p r e s e n t a t i o n  u s i n g  t h e  SEED DBMS. SEED i s  a  n e t w o r k  DBMS 
b a s e d  on t h e  CODASYL model d e v e l o p e d  by I n t e r n a t i o n a l  
D a t a b a s e  Sys t ems  I n c .  o f  P h i l a d e l p h i a  and  i s  a v a i l a b l e  on  
t h e  compu t ing  f a c i l i t i e s  a t  t h e  U n i v e r s i t y  o f  P e n n s y l v a n i a .  
The i m p l e m e n t a t i o n  i s  f o c u s e d  on  a  p a t i e n t - d o c t o r  
d i a g n o s i s  model s t a r t i n g  w i t h  a  " commerc i a ln  d a t a b a s e  
. I  
r e p r e s e n t i n g  u s u a l  p a t i e n t - d o c t o r  t r a n s a c t i o n s  a n d  
i n f o r m a t i o n  ( l i k e  p a t i e n t  and d o c t o r  i n f o r m a t i o n ,  v i s i t  and  
c o n s u l t a t i o n  s c h e d u l e s ,  b i l l i n g  and f i n a n c i a l  i n f o r m a t i o n  
r e l a t i n g  t o  s e r v i c e s  p e r f o r m e d ,  e t c . ) .  The same i s  
e x t e n d e d  t o  r e p r e s e n t  m e d i c a l  d i a g n o s i s  knowledge  s o  t h a t  a  
q u e r y  c a n  b e  made r e l a t i n g  a  s p e c i f i c  e n t i t y  i n  t h e  
d a t a b a s e  t o  d i a g n o s t i c  p o s s i b i l i t i e s  u t i l i z i n g  t h e  
knowledge  s u b s e t  o f  t h e  d a t a b a s e .  
Some o f  t h e  t y p i c a l  q u e r i e s  t h a t  t h e  knowledge  
I 
r e p r e s e n t a t i o n  s h o u l d  r e s p o n d  t o  a r e  o f  t h e  form : 
1 .  Given a  s p e c i f i c  p a t i e n t ,  what  a r e  t h e  
d i a g n o s t i c  p o s s i b i l i t i e s  f o r  h i m / h e r  ? The 
r e s p o n s e  t o  t h i s  q u e r y  s h o u l d  u t i l i z e  t h e  
i n f o r m a t i o n  on t h e  p a t i e n t ' s  h i s t o r y  and  ou tcomes  
of  v a r i o u s  d i a g n o s t i c  t e s t s  t h a t  t h e  p a t i e n t  t o o k .  
T h i s  q u e r y  i s  r e s p o n d e d  t o  by u s i n g  t h e  knowledge  
r e p r e s e n t a t i o n  i n  t h e  d a t a b a s e  a s  w e l l  a s  p a t i e n t  
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information. 
2. What are the diagnostic pbssibilitiea that can 
be detected by a particular diagnostic test ? 
Conversely, what are the diagnostic tests (and 
their corresponding outcomes) that lead to a given 
diagnostic possibility ? Response to this query 
could be useful at the time when the patient is in 
consultation with a doctor and is in the process of 
- f 
having diagnostic tests ordered by the doctor. 
An example of a similar situation where the 
integration of a "knowledge" database with a commercial 
database could have powerful utility are is a manufacturing 
processes application integrating material testing, quality 
control and process control rules with the same database 
containing information on components and materials. 
I A more imaginative version might extend a sales 
information database to integrate marketing strategy 
knowledge. 
Page 6 
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OBJECTIVES 
One cannot claim that medical knowledge today is 
completely structured. While we do have computer programs 
that analyse diagnostic tests solely relying on knowledge 
representation probably as well or better than most 
doctors, it seems unreasonable to imagine that the health 
care system in the near future could be fully automated. 
Computer technology relying on structured human knowledge 
is not a likely substitute for a human doctor within the 
present state of art. 
It is intended to design software to respond to the 
queries elaborated in the earlier section. Specifically, 
the system should provide a report of diagnostic 
possibilities for a particular patient based on the 
knowledge represented in the database. A computer program 
can quickly scan the entire knowledge base as represented, 
thus assisting the doctor +n his decision making process. 
1 
However, a computer program cannot bring out aspects of 
medical knowledge that are unstructured in a doctor's 
decision making process and therefore not included in the 
knowledge base. 
While the diagnosis and treatment of a patient in the 
present health care system is primarily the responsibility 
of a qualified doctor, the medical profession seems to have 
realised the boundedness of human rationality and memory as 
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wel.1 a s  t h e  l i m i t a t i o n s  on t h e  human c a p a b i l i t y  t o  p r o c e s s  
vo luminous  i n f o r m a t i o n .  P r o b a b l y  a s  a  consequence  o f  t h i s ,  
c u r r e n t  m e d i c a l  l i t e r a t u r e  h a s  good d o c u m e n t a t i o n  o f  
v a r i o u s  s y s t e m s ,  p r o c e d u r e s ,  r u l e s  and p o l i c i e s  f o r  
t r e a t m e n t  t h a t  c o u l d  be  viewed a s  " s t r u c t u r e d "  knowledge.  
The p r o v i s i o n a l  d i a g n o s t i c  t a b l e s  c o n s t r u c t e d  a t  t h e  
C h i l d r e n s '  H o s p i t a l  o f  P h i l a d e l p h i a  a f f i l i a t e d  t o  t h e  
U n i v e r s i t y  o f  P e n n s y l v a n i a  f o r - a  c e r t a i n  c l a s s  o f  d i s e a s e s  
k n o w n " a s  M o n o a r t i c u l a r  A r t h r i t i s  o f  a ' S i n g l e  J o i n t  i s  t h e  
c h o i c e  o f  t h e  m e d i c a l  knowledge b a s e  f o r  i m p l e m e n t a t i o n .  
The same i s  p r e s e n t e d  i n  Annexure I. 
I t  n e e d s  t o  be emphas ised  t h a t  t h e  p r o v i s i o n a l  t a b l e s  
i n  Annexure I chosen  f o r  t h i s  s t u d y  a r e  u e e r  p u r e l y  a s  a 
t e s t  model. The t a b l e s  do n o t  b e a r  a  s e a l  o f  o f f i c i a l  
a p p r o v a l  ( s a y  from t h e  American H e d i c a l  ~ s s o c i a t i o n )  and 
a r e  n o t  i n t e n d e d  t o  r e p r e s e n t  c o r r e c t  o r  i n c o r r e c t  h a n d l i n g  
o f  d i a g n o s t i c  s i t u a t i o n s .  
The d a t a  c o u l d  w e l l  have  been  i n p u t  a s  a r b i t r a r y  
a l p h a n u m e r i c  c h a r a c t e r s  a t  t h e  expense  o f  o b t a i n i n g  
c o r r e s p o n d i n g  dummy answers  t o  q u e r i e s  t h a t  migh t  n o t  make 
v e r y  i n t e r e s t i n g  r e a d i n g .  
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SCHEMA DESIGN CONSIDERATIONS 
The CODASYL d a t a b a s e  d i a g r a m  i n c o r p o r a t i n g  t h e  schema 
d e s i g n  i s  p r e s e n t e d  i n  Annexure 11. The d a t a b a s e  i s  
d i v i d e d  i n t o  two a r e a s  : C L I N I C  and LABORATORY,  R e c o r d s  
r e l a t i n g  t o  commerc ia l  d a t a b a s e  f u n c t i o n s  a r e  a s s i g n e d  t o  
t h e  a r e a  C L I N I C  and t h o s e  r e l a t i n g  t o  "knowledge" t o  t h e  
a r e a  LABORATORY. The a r e a  s p e c i f i c a t i o n  f o r  a  r e c o r d  i n  
CODASYL d a t a b a s e  t e r m i n o l o g y  d e n o t e s  i t s  h a r d w a r e  l o c a t i o n .  
' ?  
The r e c o r d s  c o n t a i n e d  i n  t h e  a r e a  C L I N I C  t y p i f i e s  t h e  
11 commerc i a l "  d a t a b a s e  c o n t a i n i n g  d o c t o r - p a t i e n t  t r a n s a c t i o n  
i n f o r m a t i o n  w i t h  j u s t  two e n t i t i e s  and  a n  i n t e r s e c t i o n  
r e c o r d  - t h e  p a t i e n t ,  t h e  d o c t o r  and t h e  r e l a t i o n s h i p  
be tween  them. T h i s  c o u l d  b e  g r e a t l y  e x t e n d e d  t o  
i n c o r p o r a t e  most o f  t h e  t r a n s a c t i o n s  i n  a  m a j o r  h o s p i t a l .  
The r e c o r d s  i n  t h e  a r e a -  L A B O R A T O R Y  c o n s t i t u t e  t h e  
"knowledge"  d a t a b a s e .  The e n t i t i e s  a r e  t h e  v a r i o u s  
l a b o r a t o r y  t e s t s ,  t h e i r  c o r r e s p o n d i n g  ou tcomes  and 
i n f e r e n c e s  t h e r e f r o m .  
E n t i t i e s  
Area C L I N I C  - PATIENT, D O C T O R .  
Area LABORATORY - TEST, TEST-OUTCOME, POSSIBILITIES 
The PATIENT r e c o r d  c o n t a i n s  a n  i t e m  
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PATIENT-FINAL-DIAGNOSIS p re sumab ly  t o  b e  e n t e r e d  by 
t h e  d o c t o r  a f t e r  t h e  d i a g n o s i s  h a s  b e e n  n a r r o w e d  
down and  t r e a t m e n t  f o r  t h e  same i s  i n  p r o g r e s s .  
PATIENT : D O C T O R  - Many t o  many r e l a t i o n s h i p .  One 
p a t i e n t  c a n  c o n s u l t  w i t h  many d o c t o r s  and  o n e  
d o c t o r  c a n  s e e  many p a t i e n t s .  The I n t e r s e c t i o n  
- 7  
r e c o r d  i s  DOCTOR-PATIENT. 
DOCTOR-PATIENT : TEST - Many t o  many r e l a t i o n i h i p .  
Each DOCTOR-PATIENT t r a n s a c t i o n  c a n  l e a d  t o  many 
t e s t s  and v i c e  v e r s a .  The i n t e r s e c t i o n  r e c o r d  i s  
TESTS-ORDERED. T h i s  i n t e r s e c t i o n  r e c o r d  h a s  i t ems  
O U T C O M E - N A M E  and OUTCOME-CODE i t e m s  t o  b e  e n t e r e d  
a f t e r  t h e  t e s t  r e s u l t s  h a v e  been  r e c e i v e d .  Thus a  
p a t i e n t  i s  i d e n t i f i e d  w i t h  t h e  t e s t s  t a k e n  and t h e  
r e s u l t s  o b t a i n e d .  I t  i s  w i t h  t h i s  p r i o r ,  
i n f o r m a t i o n  t h a t  c o r r e s p o n d i n g  d i a g n o s t i c  
p o s s i b i l i t i e s  a r e  s e a r c h e d  from t h e  "knowledge"  
s u b s e t  o f  t h e  d a t a b a s e .  
TEST : TEST-OUTCOME - One t o  many r e l a t i o n s h i p .  
T e s t  ou tcomes  a r e  d i s c r e t e  and u n i q u e .  One 
s p e c i f i c  outcome c o r r e s p o n d s  o n l y  t o  o n e  t e s t .  
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TEST-OUTCOME : POSSIBILITIES - Many t o  many 
r e l a t i o n s h i p .  F o r  e v e r y  t e s t  ou tcome t h e r e  c o u l d  
b e  many d i a g n o s t i c  p o s s i ' b i l i t i e s ,  and  o n e  
p o s s i b i l i t y  migh t  b e  i n f e r r e d  from s e v e r a l  t e s t  
ou tcomes .  The i n t e r s e c t i o n  r e c o r d  i s  
TEST-LINE-ITEM, e a c h  o c c u r r e n c e  o f  wh ich  i s  a  
u n i q u e  knowledge p r o d u c t i o n  r u l e  r e l a t i n g  a 
d i a g n o s t i c  p o s s i b i l i t y  t o  a  t e a t  ou tcome and  v i c e  
v e r s a .  
-, 
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THE DIAGNOSTIC PROCESS 
-
With u s e r  a c c e p t a b i l i t y  i n  p e r s p e c t i v e ,  t h e  s y s t e m  i a  
d e e i g n e d  t o  p a r a l l e l  t h e  d o c t o r ' s  d e c i s i o n  making p r o c e s e  
where  t h e  f o l l o w i n g  s e q u e n c e  o f  s t e p s  i s  t y p i c a l  : 
A f t e r  c o n s u l t i n g  w i t h  t h e  p a t i e n t  and p e r f o r m i n g  
p r e l i m i n a r y  e x a m i n a t i o n s ,  t h e  d o c t o r  n a r r o w s  down 
t h e  d i a g n o s t i c  p o s s i b i l i t i e s  s o l e l y  on t h e  b a s i s  o f  
. o b s e r v a b l e  symptoms; 
D i a g n o s t i c  t e s t s  a r e  u s u a l l y  o r d e r e d  t o  v e r i f y  and  
i d e n t i f y  t h e  p o s s i b i l i t i e s ;  
A p a t i e n t  r e c o r d  i s  c r e a t e d  o r  upda ted  t o  c o n t a i n  
h i s  h i s t o r y .  A r e c o r d  o f  t e s t s  o r d e r e d  f o r  t h e  
p a t i e n t  i s  a l s o  m a i n t a i n e d .  
When t h e  r e s u l t s  o f  t h e  d i a g n o s t i c  t e s t s  a r r i v e  
from t h e  l a b o r a t o r y ,  t h e  out&ome i s  n o t e d  i n  t h e  
p a t i e n t  r e c o r d .  The d o c t o r  u s e s  h i s  knowledge ,  
memory, books ,  t a b l e s  ( a n d ,  a s  s u g g e s t e d  i n  t h e  
n e x t  p a r a g r a p h ,  l o o k s  up t h e  computer  s u g g e s t e d  
d i a g n o s t i c  p o s s i b i l i t i e s )  t o  nar row down t h e  
c h o i c e s  t o  a  few ( p e r h a p s  o n e )  d i a g n o s i s .  
Us ing  t h e  SEED sys t em d e s i g n e d  h e r e ,  t h e  d o c t o r  c o u l d  
f o l l o w  a  s i m i l a r  s e q u e n c e  : 
Page  1 2  
D i s p l a y  t e s t s  t h a t  c a n  b e  o r d e r e d  ( u s i n g  t h e  h i g h  
l e v e l  p r o c e s s o r  HARVEST).  
S t o r e  p a t i e n t  i n f o r m a t i o n  and t e s t s  o r d e r e d  f o r  the 
p a t i e n t  i n  q u e s t i o n  i n  t h e  r e c o r d s  PATIENT a n d  
TESTS-ORDERED r e s p e c t i v e l y  ( u s i n g  t h e  h i g h e r  l e v e l  
p r o c e s s o r  GARDEN) 
S t o r e  t h e  t e s t - o u t c o m e  when t h e  r e s u l t s  a r r i v e  i n  
- 1  
t h e  r e c o r d  TESTS-ORDERED ( a g a i n  u s i n g  GARDEN) 
E x e c u t e  t h e  Data M a n i p u l a t i o n  Language program 
1NTERN.FOR which s u g g e s t s  p o s s i b l e  d i a g n o s e s  f o r  
t h e  p a t i e n t  i n  q u e s t i o n  i n d i c a t i n g  t h e  b a s i s  o f  
a r r i v i n g  a t  t h e  same. The q u e r y  i m p l e m e n t a t i o n  by 
1NTERN.FOR i s  e l a b o r a t e d  i n  t h e  n e x t  s e c t i o n .  
S t o r e  t h e  f i n a l  d i a g n o s i s  f o r  t h e  p a t i e n t  i n  t h e  
PATIENT r e c o r d  i f  i t  i s  i d e n t i f i e d .  
A t  a n y  p o i n t  i n  t i m e ,  t h e  d o c t o r  c o u l d  make p e r m i s s i b l e  
q u e r i e s  u s i n g  t h e  h i g h e r  l e v e l  p r o c e s s o r  HARVEST, l i k e  
t h o s e  p r e s e n t e d  i n  ANNEXURE 111. 
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Q U E R Y  IMPLEMENTATION BY DATA MANIPULATION L A N G U A G E  
-- 
The h i g h e r  l e v e l  p r o c e s s o r  HARVEST c a n  r e s p o n d  t o  many 
s o p h i s t i c a t e d  q u e r i e s  a s  p r e s e n t e d  i n  Annexure I11 i n  a 
v e r y  s i m p l e  and u s e r - f r i e n d l y  mode. I n  o r d e r  t o  r e s p o n d  t o  
t h e  s p e c i f i c  q u e r y  a s k i n g  f o r  d i a g n o s t i c  p o s s i b i l i t i e s  f o r  
a  p a r t i c u l a r  p a t i e n t  and t h e  b a s i s  t h e r e o f ,  i t  becomes 
n e c e s s a r y  t o  w r i t e  a  SEED Data  M a n i p u l a t i o n  Language (DML) 
program. The FORTRAN DML program 1NTERB.FOB - u t i l i s e s  t h e  
SEED - s u b r o u t i n e s  f o r  d a t a  a c c e s s  and m a n i p u l a t i o n  t o  
a c h e i v e  t h i s  pu rpose .  
A l i s t i n g  o f  1NTERN.FOR and t h e  r e s u l t  o f  i t s  
e x e c u t i o n  a r e  p r e s e n t e d  i n  Annexure I V .  
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Program l o g i c  - f o r  q u e r y  i m p l e m e n t a t i o n  
The Data  M a n i p u l a t i o n  Program 1NTERB.FOR ( i m p l e m e n t e d  
i n  FORTRAN) u s e s  t h e  SEED FORTRAN DML s u b r o u t i n e s  made 
a v a i l a b l e  t o  a FORTRAN program a t  r u n  t i m e  f o r  a c c e s s i n g  
e l e m e n t s  i n  t h e  d a t a b a s e .  
The program p rompt s  f o r  t h e  p a t i e n t  c o d e  a s  i n p u t  a n d  
p r o c e e d s  a l o n g  t h e  f o l l o w i n g  l i n e s  : 
* *  1 .  R e t r i e v e  t h e  i n t e r s e c t i o n  r e c o r d s  TEST-ORDERED 
l i n k e d  t o  t h e  p a t i e n t .  Each o f  t h e s e  r e c o r d s  t h e  
c o n t a i n  d a t a  i t e m  O U T C O M E - C O D E  c o r r e s p o n d i n g  t o  t h e  
TEST r e c o r d  which a l s o  owns i t .  
I t  is presumed t h a t  when t h e  t e s t  r e s u l t s  
a r r i v e ,  t h e  u n i q u e  outcome c o d e  i s  e n t e r e d  i n t o  t h e  
TEST-ORDERED r e c o r d .  B e f o r e  t h e  t e s t  r e s u l t s  a r e  
r e c e i v e d ,  t h e  OUTCOME-CODE i s  i n i t i a l i s e d  t o  z e r o  
t o  i n d i c a t e  t h a t  t h e  t e s t  r e s u l t s  a r e  a w a i t e d .  
2 .  F o r  a l l  r e c o r d s  where t h e  OUTCOME-CODE i s  z e r o ,  
a  r e p o r t  i n d i c a t i n g  t h a t  t e s t  r e s u l t s  a r e  a w a i t e d  
i s  p r i n t e d  o u t .  
3 = For  e a c h  o f  t h e  r e m a i n i n g  r e c o r d s ,  t h e  
OUTCOME-CODE i s  u s e d  a s  a k e y  t o  r e t r i e v e  t h e  
d i a g n o s t i c  p o s s i b i l i t i e s  c o r r e s p o n d i n g  t o  i t .  The 
d i a g n o s t i c  p o s s i b i l i t i e s  and  t h e  t e s t  ou tcome c o d e  
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a r e  pushed o n t o  a  s t a c k .  The a r r a y  KPOS i s  t h e  
i m p l e m e n t a t i o n  o f  t h e  s t a c k  w i t h  t h e  v a r i a b l e  LIST 
a s  t h e  s t a c k  d e p t h  p o i n t e r .  - 
4. When t h e  push o p e r a t i o n  i s  c o m p l e t e ,  t h e  s t a c k  
i s  popped r e p e a t e d l y  t o  o b t a i n  a p r i n t o u t  o f  e a c h  
d i a g n o s t i c  p o s s i b i l i t y  f o l l o w e d  by t h e  names o f  t h e  
t e s t s  and t h e  outcomes (which  a r e  r e t r i e v e d  from 
t h e  d a t a b a s e ) .  
.: 
The o r d e r  i n  which e l e m e n t s  a r e  popped f rom 
t h e  s t a c k  i s  de te rmined  by r a n k i n g  e a c h  d i a g n o s t i c  
p o s s i b i l i t y  by t h e  number o f  t i m e s  i t  i s  i n d i c a t e d  
by c o r r e s p o n d i n g  t e s t  outcomes.  D i a g n o s t i c  
p o s s i b i l i t i e s  i n d i c a t e d  by i d e n t i c a l  t e s t  ou tcomes  
a r e  grouped t o g e t h e r .  
A s i n g l e  d i a g n o s t i c  p o s s i b i l i t y  can  be  i n d i c a t e d  by 
s e v e r a l  t e s t  outcomes.  The e l e m e n t s  pushed o n t o  t h e  s t a c k  
i n  s t e p  ( 3 )  a r e  t h e  t e g t  outcome/ d i a g n o s t i c  p o s s i b i l i t y  
I 
p a i r s ,  w i t h  e a c h  t e s t  outcome h a v i n g  s e v e r a l  c o r r e s p o n d i n g  
d i a g n o s t i c  p o s s i b i l i t i e s .  I n  s t e p  ( 4 ) ,  t h e  s t a c k  i s  popped 
t o .  " i n v e r t "  t h e  r e l a t i o n s h i p  and g i v e  d i a g n o s t i c  
p o s s i b i l i t y /  t e s t - o u t c o m e  p a i r s  which a r e  used t o  p r i n t  t h e  
d i a g n o s t i c  r e p o r t  f o r  t h e  p a t i e n t  a s  i n  Annexure IV. 
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DISCUSSION - A N D  FOLLOW -- UP WITH DOCTORS 
The i m p l e m e n t a t i o n  o f  t h e  knowledge s t r u c t u r e  i n  
Annexure I i n  t h e  CODASYL schema o f  Annexure I1 
d e m o n s t r a t e s  t h a t  a  DBMS c a n  b e  e f f e c t i v e l y  used  i n  t h e  
a p p l i c a t i o n  o f  A r t i f i c i a l  I n t e l l i g e n c e  t e c h n i q u e s .  
I n  t h e  n a r r o w e r  c o n t e x t  o f  m e d i c a l  d i a g n o s t i c  d e c i s i o n  
making ,  i t  i s  d e m o n s t r a t e d  t h a t  a r e a s o n a b l y  u s e r - f r i e n d l y  
s y s t e m  c a n  b e  implemented u s i n g  SEED and i t s .  h i g h e r  l e v e l  - 
- ?  
p r o c e s s o r s  f o r  implemen t ing  q u e r i e s  i n  e a s y  E n g l i s h - l i k e  
s y n t a x .  
The d i a g n o s t i c  p o s s i b i l i t i e s  r e p o r t  o f  Annexure I V  f o r  
sample  c a s e s  was shown t o  p r a c t i c i n g  p e d i a t r i c  p h y s i c i a n s .  
The comments r e c e i v e d  i n  r e s p o n s e  a r e  a s  f o l ~ o u s  : 
1 .  The r e p o r t  i s  a  r e a d y  r e f e r e n c e  e x h a u s t i v e  
c o n d e n s a t i o n  o f  d i a g n o s t i c  p o s s i b i l i t y - t e s t  
outcome p a i r s  and t h u s  e n s u r e s  t h a t  t h e  p h y s i c i a n  
I 
d o e s  n o t  f o r g e t  one o r  more p o s s i b l e  i n f e r e n c e s .  
An e x p e r t  p h y s i c i a n  i n  u n l i k e l y  t o  b e n e f i t  f rom i t  
a s  much a s  n o v i c e  p h y s i c i a n s .  The s y s t e m  c a n  
p r o v i d e  s t r u c t u r e  i n  t h e  l e a r n i n g  p r o c e s s  and t h u s  
s e r v e  a s  a u s e f u l  e d u c a t i o n a l  a i d .  
2. The r a n k i n g  o f  d i a g n o s t i c  p o s s i b i l i t i e s  by t h e  
number o f  t i m e s  t h e y  a r e  i n d i c a t e d  by s p e c i f i c  
P a g e  17 
t e s t  o u t c o m e s  i s  n o t  l i k e l y  t o  f o r m  t h e  p r i m a r y  
b a s i s  f o r  d e t e r m i n i n g  t h e  f i n a l  d i a g n o s i s .  I t  i e  
o f t e n  t h e  c a s e  t h a t  some d i a g n o s t i c  p o s s i b i l i t i e s  
i n d i c a t e d  f e w e r  times d o m i n a t e  o t h e r s .  More 
k n o w l e d g e  r u l e s  n e e d  t o  b e  a d d e d  t o  t h o s e  i n  
A n n e x u r e  I i n  o r d e r  t o  r e f l e c t  t h i s .  However ,  
s t r u c t u r e d  k n o w l e d g e  r u l e s  f o r  a l l  e x c e p t i o n s  o f  
t h i s  t y p e  c a n  b e  d i f f i c u l t  t o  d e f i n e .  
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3. E x t e n d i n g  t h e  p o i n t  made a b o v e ,  t h e r e  c a n  b e  
i n s t a n c e s  w h e r e  a  g i v e n  d i a g n o s t i c  
p o s s i b i l i t y - t e s t  o u t c o m e  i n f e r e n c e  p a i r  may b e  
i n v a l i d  when a n o t h e r  s p e c i f i c  d i a g n o s t i c  
p o s s i b i l i t y  i s  i n d i c a t e d  b y  o t h e r  t e s t  o u t c o m e s .  
I t  i s  r e c o g n i s e d  t h a t  t h e  p r e l i m i n a r y  d i a g n o s t i c  
t a b l e  o f  Annexure  I n e e d s  t o  b e  e x t e n d e d  t o  
i n c o r p o r a t e  more  m e d i c a l  k n o w l e d g e ,  some o f  w h i c h  
may n o t  b e  s t r u c t u r e d .  I n a b i l i t y  t o  i n c o r p o r a t e  
u n s t r u c t u r e d  k n o w l e d g e  c o u l d  l i m i t  t h e  u s e f u l n e s s  
o f  t h e  d i a g n o s t i c  r e p o r t  ( a s  i n  A n n e x u r e  IV) i n  
r e a l  l i f e  d i a g n o s t i c  s i t u a t i o n s .  I n d u c t i v e  jumps  
i n  d i a g n o s i s  made b y  e x p e r i e n c e d  p h y s i c i a n s  w o u l d  
b e  d i f f i c u l t  t o  t r a n s l a t e  i n t o  s t r u c t u r e d  r u l e s .  
4. Some p h y s i c i a n s  e x p r e s s e d  f e a r s  t h a t  wrong  
i n f e r e n c e s  c o u l d  r e s u l t  f r o m  i n c o r r e c t  
t e s t - o u t c o m e  i n p u t s  ( p o s s i b l y  d u e  t o  human e r r o r ) .  
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5. Diagnostic decision rules in most areas of 
medical practice are not unique and universal. 
Each physician tends to build a set of 
" personalised" knowledge over years of experience. 
The system must have the flexibility to accomodate 
variations and changes that can be made by user 
physicians. It is important to have a user 
friendly interface to incorporate these "knowledge 
updates and changesn. 
- ? 
6. Consulting physicians are increasingly using 
mini-computers for practice related commercial 
data processing. A system providing the 
capability to represent personalised knowledge to 
assist in diagnosis decisions has potential for 
wide acceptance by the profession. 
It emerges from the above comments that a system 
I 
providing implementation of personalised knowledge rules in 
addition to commercial database management functions has 
high user acceptability potential as an educational and 
decision making aid. 
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DIRECTIONS FOR IHPROVING USER ACCEPTABILITY 
The u s e r  a c c e p t a b i l i t y  o f  t h e  sys t em c a n  b e  f u r t h e r e d  
by i m p r o v i s i n g  a l o n g  t h e  l i n e s  s u g g e s t e d  a b o v e  by 
p r a c t i c i n g  p h y s i c i a n s .  The p r i m a r y  o b j e c t i v e  is t o  
i n c o r p o r a t e  a s  much s t r u c t u r e d  knowledge a s  i s  p o s s i b l e  f o r  
q u e r y  i m p l e m e n t a t i o n  and a t  t h e  same t i m e  t o  p e r m i t  e a s y  
u p d a t e s  t o  r e f l e c t  p e r s o n a l  a p p r o a c h e s .  The f o l l o w i n g  
e x t e n s i o n s  a r e  s u g g e s t e d  : 
1 .  P r o v i d e  a  " R A N K "  o r  "PRIORITY" d a t a  i t e m  i n  
e a c h  POSSIBILITY r e c o r d .  T h i s  c o u l d  b e  t h e  
c r i t e r i a  f o r  d e t e r m i n i n g  t h e  r e l a t i v e  o r d e r  i n  
which t h e  d i a g n o s t i c  p o s s i b i l i t i e s  i n  t h e  r e p o r t  
o f  Annexure I V  a r e  p r e s e n t e d .  The r e p o r t  c o u l d  
h i g h l i g h t  t h e  key  - d i a g n o s t i c  p o s s i b i l i t y -  t es t  
outcome p a i r s .  
2. P r o v i d e  an "INCOMPATIBLE-WITH" r e c o r d  owned by 
I 
I 
t h e  POSSIBILITY r e c o r d  g i v i n g  t h e  o t h e r  d i a g n o s t i c  
p o s s i b i l i t i e s  w i t h  which a  g i v e n  d i a g n o s t i c  
p o s s i b i l i t y  i s  i n c o m p a t i b l e .  The p r o c e d u r e  f o r  
t r e a t i n g  c a s e s  where i n c o m p a t i b l e  d i a g n o s t i c  
p o s s i b i l i t i e s  a r e  e n c o u n t e r e d  c o u l d  b e  
i n c o r p o r a t e d  i n t o  t h e  DML i f  i t  i s  g l o b a l l y  
a p p l i c a b l e .  P o s s i b l y ,  a  warning  message  would b e  
d i s p l a y e d  b r i n g i n g  t h i s  t o  a t t e n t i o n .  
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3. P r o v i d e  a n  "OVERRIDES" r e c o r d  owned by t h e  
POSSIBILITY r e c o r d  c o n t a i n i n g  p o s s i b i l i t y -  
t e s t - o u t c o m e  p a i r s  t h a t  a r e  o v e r r i d d e n  by  a 
d i a g n o s t i c  p o s s i b i l i t y .  T h i s  p r o v i d e s  f o r  c a s e s  
where  t h e  i n d i c a t i o n  o f  a  g i v e n  d i a g n o s t i c  
p o s s i b i l i t y  i m p l i e s  t h a t  c e r t a i n  o t h e r  s p e c i f i c  
d i a g n o s t i c  p o s s i b i l i t y -  t e s t - o u t c o m e  p a i r s  a r e  no  
l o n g e r  v a l i d .  When s u c h  a  c a s e  i s  e n c o u n t e r e d ,  
t h e  o v e r r i d d e n  items a r e  s u p p r e s s e d  i n  t h e  
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d i a g n o s t i c  r e p o r t  o r  p r i n t e d  w i t h  a  w a r n i n g  i n  a 
f o o t n o t e .  
4. I n t r o d u c e  a c h a r a c t e r  s t r i n g  d a t a  i t e m  
"REASONING" i n  t h e  TEST-LINE-ITEM r e c o r d  ( r e c a l l  
t h a t  t h i s  i s  t h e  i n t e r s e c t i o n  r e c o r d  o f  
POSSIBILITIES and TEST-OUTCOME). T h i s  would  
e x t e n d  e d u c a t i o n a l  u t i l i t y  and p r o v i d e  o n - l i n e  
d o c u m e n t a t i o n  o f  p e r s o n a l i s e d  knowledge.  
The above  s t r a t e g i e s  p e r m i t  u p d a t e s  i n  t h e  knowledge  
s t r u c t u r e  t h r o u g h  h i g h e r  l e v e l  DBMS p r o c e s s o r s .  The 
embedding of knowledge r u l e s  ( a s  a b o v e )  i n  a n  a p p l i c a t i o n  
program a r e  t h u s  avo ided :  
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PRELIWINARY DIAGNOSTIC TABLES - MONOARTICULAR ARTHRITIS 
Test  Diagnost ic  possi bi li ties 
-
Value observed 
C BC Hemog lobi  n Less than  (8 gm% l e u k e m i a  
- neurob!astoma 
Norma I: Trouma 
, neonate:  1 1-20 gm% m e c h a n i c a l  de rangement s  
infcnf:  10-15 gi10/6 b o n e  disrose 
child:  11-16 gm% tumor o f  syr-rovium 
o l d e r  ch i ld ren  M: 14-18 gm% 
8 odolescenfs  F: 12-16'gm% 
. - 
~ C : C J [  \ , , r ! i i i2  C C I I  1 ~ t t k  5003-21,032/~ii..n i r c u r , ~ a  
count:  4 week 5003-19,50O/cmm m e c h a n i c a l  de rangement  
6 - 1 2 m o n  6000-17 ,~O/cmrn  b o n e  d iszose  
2 yrs 6200- 17,03O/cmm iumor o f  synoviwm 
c h i  ld/adult 4803-10,803/crnm 
Increased ove r  10,803/cmm > 2 yrs i n fec i ious  a r t h r i t i s  
ove r  15,00O/cmm < 2 yrs l evkcmia  
neu ru5 l  csi oma 
t y  mphocyfes Normal  Inc reased  
---- 
Leukemia 
1 w e e k  up fo 8610 ) 86% 
4 weeks  up fo 70720 )11,033 
6-121;~on:hs upfol0675 >11 ,033  
2 y e a r s  up fo 10330 >10,003 
child/adirlf up fo 3240 3030 
P ~ ! ~ m o r p h s  Normal  Inc reased  f nfec ti ous 
1 week up fo 9453 > 10,033 arihri tis 
4 ~ v e e ! s  up to 6825 > 7,033 0,tfeo:nyeli 
6-12 rnonihs up fo 5503 ) 5,603 Cc-llvlitis 
2 years up to 5 5 1 0  > 5,603 
child/advlt  up to 6480 > 6,503 
ANNEXURE I (contd)  page 2 
Normal 
-
Platelets: -- Neonate 150 - 390,000 < 1 50,000 infectious arthritis 
neurobJastoma 
teukemio 
Children 150,030-450.000 (150,000 
Sedimentation Rate: 
VJintrobe method: > 15 n m  
- c:e,) 
- 










mate - )15rnrn neuroblasiorna 
female )20 rnm leukemia 




I-uncr of s),i-tovium 





Erosions of joint 
Lytic lesions/cysts 
.Cornpati ble with diagnosis - of- 




infectious arthri tis 
bone disease with effusion 
i n  adjacent joint 
pigmented vi l  lonodular synovi tis 
J RA 
hemophilia 














.- Increased tlpr cl:e inicctiorrs arthritis 
JRA 
hernophi l ia  
cseptic necrozis (lafe) 
f vmcrs 
ANNEXURE I ( c o n t d )  page 4 
/,r:I>r cscc.?)': ccrfi f c ~ e  n0;~rta1 
meniscus nonnol 
synoviurn normal 
crucio:e ligcinent n~iii laI 
cariifoge fear 1 
meniscus fear 
snf fear crucicfe l i p r r i -  
hyp~r i rophic  synoviurn -- 
.. 
loose body in fhe ioint - 
normal 
. . 
frournatic a r f f ~ r i f i s  
J ZA 
i n fec  t iovs or: hri  :-is 
hcrno,-,lii I T t ?  
JRA 
chonSroxzf csis 
f r c u n a  
JRA 
ANNEXURE I (contd) page 5 
j . .~ihro~roin: hyFerfrc.?hic synovi urn --- foreign body ar:lirifis 
(corrt'd) . . 
hcmo?hilia 
infectious ari hri tis 
pigmenfed vi Ilonodulor 
synovi tis 
chondromaicsis 
t . a  f r ~ u i ~ ~ a t i r :  (.,-Ill. . I S  
Toreign body orfhritis 
hernc?hi iia 
i nfecfiovs c r i  hri tis 
bone disr-cse clcs? io  thr 
ioi r-it 
Elood c u l t u r e  i r,cz=:ive - ' Skin culfu;e Recfa! c u l t u r e  Throat c u l t u r e  
ANNEXURE I ( con td )  Page 6 
fo;eign b5:y iiiTa;i iis 
rnechonical derangc-nsunt 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATABASE QUERIES U S I N G  
THE HIGHER LEVEL PROCESSOR 
HARVEST 
W~I.i.onre 'Li j  "I.;, l l  . 1.0' liAT-?VEST+ T s ~ e  f.!ELF Car in-Po, 
ANNEXURE I11 (contd)  
i: E I ~ ~ H A N D :  
. 
WHLr:E F'kTTEIIT-.LAST-. NAl-;K= ' GEEEi.1' ZlISF'LkS' TEST-NAME DATE-OFcDERED 
x - r ; ~ y  FEE 3.61 C2 
BONE 5CAt4 FEE! 169 82 
f KI 14 CULTIJRE FEE l t i t  G 2  
AF<T~-II:~OSCC;F"I' 3/10/E;2 
ARTI~lROGFiIht'i 3/1.0/82 
I!" t.4 k 3/10/C2 
CEC 
CT:C 
2 I-: C 
c1;: 
. . ; - ;i ;:, kt' 
3 /./ 1. : n - / c,.; 14 [; ..:. 8 X 
g 2 ,t ; ,2 // .? - 
:J 2 WEC II~CF;;E:&SEII 
7 / a /  10jC22 LY i4FIiDCITEE; INCR 
3/10 /62  E s R 1:. 1 0 i-j ,-, 
3 / 1 0 / S 2  LYTIC LESIOi<S /CYSTS 




>:-K A "  n I MARCH 3982 
I:Oi:IE SCAN MAFtCH 3r82 
liHTI-iROSCOFY MARCH 3r82 
FEE: It., E:2 v.. I .  R A Y  
FEI: 16r  E 2  I::0NE SCAH 
FE:E 16,  82 SKIN CULTURE 
FEB l t v  82 AT:Tf..iFtC!SCOF'Y 
FED I&,, )32 ARTkil:<CGkhM 
FET: 82 I.? \n + 
~ . ' ~ ! : ; ~ ~ & l -  .-l;?I?.:Ts 
; .; i; ; .; ,Ji L E: C: ;..,; E 
. ![i j'i,'-i EF l : ~ l - ~ ~ ; ~ ~ ~ <  
?"> -. -, !:- F! 7 1: :: p T' ,-. 
..i LS L _  V k ., J. a 
,-i..,C,-l *- .  .- 
1- . . . t ~  J di.!5 OF JClii!T 
( .,,.-- 7 -, 
L , i J. LETS:rC;NS/' CYSTS 
(23; L i t Y L O S I E i  
ANNEXURE I11 (contd) 
. 
I-f E M O F 1-1 ;' L I 
J R A  
f'yEEEi;$'i'EII ' . .I:fLi-.[iijC!DUL~j~~ SY i . l uV IT IS  
1I';CF;CASED L:''TAI;E 
b!I:z .:: ;;<;iCl 
i:izc.iitTIL'E 
I-lEt<OGLOBIN 6-3 1 G t j X  
l:!YE-F'DF'L'ITEAL CYST 
DYE-CALF A R E A  
I-i't';:'EFiTROf I C  SYi4OVIUtj, 
F' IATELETS 141 (31.1 
ESF: [JIflTr;EE;E :::. 1Pi:i.l 
f d  r, L,, .- 3 E:Oiafil 
GEGATIVE 
J U I E T  EFFUSION 
f-',!?,,ffiW Fpi';ifATlOi\! 
f "3S1T' i fJE 
i<EGriTIit!E 
f<EGi;TIVE 
( - JE: ;~-EO~~F 'F .>?  C! \ - 3  J d 
C&Ri-1'LEGE EKOSl.Of:  
CiiCtSlni<S O F  J O I f i T  
f{'i'T-'r-;;T'F<OF:'I5: S'ff.j-jL'1Ui.j 
L 0 3 S E  BODY I N  J O I N T  
;.,f.;l;yLas 1s 
ANNEXURE I11 (contd) 
. . 




4:: l . ; ~ ; g ( ' ' p ~ l ~  
r . - t t ~ - . n r - p  t4iy ;,I: I l l . L I I 2  \ i  
; , J < T l - l ; : n r r .  pi I '  ...-I 31,i i 
p- -. 
L 2 .  .. +.-. 
E 5 7 .  
. .. , :. \., 
.-, -. I '. h I 
-'. ? l A 
. ! -TI . fi 
. . 
. -  1:0 . . . . *  
, - : - ' ! i t1  I 
, . - , - . ' - , ? . , p - . t > , . , ~  
i.-li. . t ; ; . L i a C : u r  r 
,?, .; 
" : . ' T : t  
L.. , ., 1 I .. iz 2 L 7' Li i? E 
-- ; ! . i:;=,&'T C:IjLTUF\E 
'.' r -  -. F: 17 '". 4 
i-]p]sc.Gp',,' 
r< ;, ',. 
, Ft 7- I-, I-; 1. .-- . '-1 ., , 4,-* I l.:~(,Uf'y 
C4r;7'~!r:~OS~~p.-;  1 1 .  
X- .EAY 
IfJCECASEII UPTAKE 
~L!I:Z 2 i ) O G  
i ;EGATIt2E 
I--IEtSE3GLOEI N Ei- 1 1 G t I X  
IlYE-POPLJTEAL CYST 
DYE-CALF AREA 
HYF'EFZTROF'IC S Y I . i U V I U r ' ,  
PLATELETS HIGW 
ESR WINTROEE > 15t;FI 
N O R M A L  EONE 
HEGATIVE 
.IQINT EFFLISION 
Fi';i',Ni.lUS FOKf.1FiTI ON 





Ei?OSIOr'4S OF J O I f l T  
ti'I'PEi:;TROF:'IC SYE.!O'JIUM 
L-~:)OSE EODY IN JOINT 
ki.<I<YL0SIS 










- . ... > 
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,.. "-. r.. 
C. i'l L, 
(-! -. T. 
., -.,: ,,., 
/ \ - - ' I \  tl I 
;*i;A 
s;:ir< p[IL-i'&l*- 
.,J ci i;E 
TI..;;:C)AT C'-IL-[L;EE 
~.-.;:ny 
;l r: T ; 4 i< 5 C 9 I..' '1' 
$ ;i 1 p< !. J 1.- 1- i.! : 
T1.;r:[,,,>T r 'g :  '""' 
L, .- : L;K.E: 
i-, T ;.i ;; C) 2 r. Ej ;.. 
" 7, , 
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1 - , t t .  I  1 8 1 . .  . . J k L , I  i 













